Estimating Dry Mass Of Logging Residues From Final Cuttings Using A Harvester Data Management System by Kiljunen, Nuutti
International Journal of Forest Engineering  ¨ 17
Estimating Dry Mass Of Logging Residues






A method and functions are introduced for estimating
the dry mass of logging residues for the most common
Scandinavian tree species. Functions were formulated for
single trees using different combinations of independent
variables that can be measured by standard measuring
equipment on harvesters. Cross-validation was used to
test the functions and to assess their validity. According
to the cross-validation, the total dry mass of logging
residues in a clear-cut area could be estimated with a rela-
tive standard error of  9.4 - 11.2%. For individual trees,
however, the relative standard error for estimating the dry
mass of logging residues was as high as 21.5 - 27.6%,
depending on the tree species and on the independent
variables used in the functions. The models introduced
were however more accurate than the generally applied
method of estimation, which is based on the average ratio
of the dry mass of logging residues to the volume of
merchantable wood.
Keywords: measurement of logging residues, residual
forest biomass, slash, Finland, harvester,
Pinus  sylvestris, Pinus abies, Betula
pendula, Betula pubescens.
INTRODUCTION
Logging residues have recently become more important
as a source of energy in Finland. For the year 2003, there
are plans to increase the use of logging residues for
energy by five times the level used in the year 2000 [6].
Logging residues for fuel have been procured by
specialized energy-fuel companies or by timber-harvesting
companies. As research and pilot projects come to an
end, the collection of  logging residues for fuel will become
more business oriented; therefore more efficient tools for
planning are needed. Accurate data about reserves of
logging residues on clear-cut areas will give companies
the possibility to plan their use of residues more
efficiently. If the logging residues have commercial value,
a forest owner may also be interested in knowing how
much will be available from his or her forest.
In modern, mechanised, Nordic-style timber harvesting
the information used for timber measurement is obtained
with measuring equipment that is integrated into the me-
chanical harvester. Due to the location of the measure-
ment equipment in the harvesting head, the data produced
offer information on the stem form starting some tens of
centimetres up from the initial cut at the stump; the unmer-
chantable top is not measured. The information provided
by the measurement equipment allows for the construc-
tion of most of the stem taper curve. Because of the allom-
etric relationship between different parts of a tree, this
information itself, or complemented with additional infor-
mation about the crown of the tree, can be used to esti-
mate dry mass of the logging residues.
In previous studies, different types of equations for the
common Scandinavian tree species have been created in
order to estimate the branch biomass of a tree with easily
measured characteristics [1, 5, 12]. In addition, information
about the establishment, treatment history, and age of a
stand was valuable when the properties of the crown were
modelled [13, 14, 15]. The independent variables used in
those studies were not applicable to the measurement data
obtained from the measurement system of a harvester.
The original idea for this kind of  estimation method for
the mass of logging residues was presented by Hakkila et
al. [7].
For an individual tree, the dry mass of the logging
residues that can be estimated in a harvester’s data man-
agement system consists of three parts. For harvested
trees, the greatest proportion of the total mass of the log-
ging residues is made up of branches. Smaller proportions
are made up of the unmerchantable top sections of the
stem and of cull-log sections, which do not meet the stand-
ards for utilisation by wood-processing facilities [7].
In this paper, models for estimating the dry mass of
logging residues using the data management system of a
modern harvester are introduced and validated. Functions
are presented for estimating both branch dry mass and
unmerchantable top dry mass. Branch mass includes both
fresh and dead branches as well as intact needles. The dry
mass of the cull-log sections, which form an additional
proportion of the logging residues, can be estimated from
their volume by using a simple conversion factor that is
specific for each tree species. This volume can be ob-
tained from the measuring system of a harvester. This
method is compared with a simpler method for estimating
the dry mass of logging residues, which is based on the
average ratio between the dry mass of residues and the
volume of merchantable wood. Models of needle percent-
age for conifers are introduced, because the proportion of
foliage is important in determining the yield and quality of
the residues as fuel.The author is a Research Scientist at University of
Joensuu.
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MATERIAL AND METHODS
Data Collection
Between 1984 and 1986, 2050 trees located in 41 stands
in different parts of Finland were harvested by the Finnish
Forest Research Institute for measurements of stem and
branch biomass. The species included were Scots pine
(Pinus sylvestris), Norway spruce (Picea abies) and birch
(Betula pendula and B. pubescens combined). The field-
work was carried out between April and October of the
above-mentioned years. For each stand the measurement
date, geographical co-ordinates, dominant tree species,
and yield of timber from the harvest (m3/ha) were recorded
as variables. For a more detailed description of sampling,
measurements and locations of the sample stands see
Hakkila [5]. The owners of all the stands had already
planned to harvest their stands by the date the measure-
ments were made, so they are actual samples of real har-
vests. Some of the data contained incomplete records or
unclear figures; because these records were deleted from
the data, the analyses began with 2022 trees. Before the
functions were constructed, small-diameter trees that did
not meet the size requirements for merchantable wood
were removed from the data.
Five sample plots were placed in each stand. The centre
of the first plot was located exactly fifty metres from the
initial entry point of the stand. The next plots were located
in line with the first in the same direction, with fifty metres
between each. If the stand shape did not allow the plots to
be located in the same direction, the next plot was located
fifty metres orthogonally from the previous one. On each
plot, the type of forest vegetation, basal area, average tree
height, average stem volume and average tree age were
recorded.
On each plot, the ten trees closest to the centre of the
plot were felled for measurements. Trees with less than a
45 mm diameter at breast height (1.3 metres) were not se-
lected as sample trees. On each sample tree the diameter
of the main stem over the bark was measured at various
points including: the butt, one metre above the butt, breast-
height, at two-metre intervals from the butt to the top of
the tree, and at the lowest point of the living crown. The
distance from the butt to the lowest point of the living
crown (h
crown
) was also recorded. The descriptions of each
variable and symbol are presented in Table 1.
Sample trees were delimbed at two-metre intervals from
the butt. The mass of the intact branches for each interval
was recorded. The sum of the weights from the two-metre
intervals is the total branch mass of a tree. In addition, one
tree from every plot was randomly chosen for measure-
ment of the moisture content. If the tree was a conifer,
samples of the needle mass were also taken. The mass of
birch foliage was not measured. Samples were dried at a
temperature of 103°C. The dry mass for the needles and
wood of coniferous trees is described separately (Table
2). Because the field measurements were taken over a long
period of time, variation in the needle percentages was
great, due to the increase in needle mass, especially in
pines, during the growth period [5].
Table 1. List of variables used in biomass functions. All
diameters are measured over the bark.
Variable Unit Definition
mtop kg Dry mass of the unmerchantable
tree top stem section.
mbranches kg Total dry mass of the branches of a
tree.
d1 mm Diameter of the tree one metre
above the butt.
d2 mm Diameter of the tree two metres
above the butt.
dpulpwood mm Diameter at the smaller end of the
thinnest pulpwood bolt.
dpulpwood –1 mm Diameter one metre below the




cm Diameter of the tree at the lowest
point of the living crown.
H dm Height of a tree from the top of the




dm Distance from the butt to the low
est point of the living crown.
hpulpwood dm Distance from the butt to the
smaller end of the thinnest pulp-
wood bolt.
CR Crown ratio (h-h
crown
)/h.
Needle-% % Percentage of the total dry branch
mass of a tree made up of needles.
PL Dummy variable for unditched
peatland: 1 if the forest stand is part
of an unditched peatland, 0 other
wise.
Data Treatment and Analysis
Stem taper curves, based on Laasasenaho’s simultane-
ous equations [11], were fitted individually to each of the
stems in the sample using the Finnish Forest Research
Institute’s KPL (Koealojen puu- ja puustotunnusten
laskentaohjelma) program for calculating tree and stand
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characteristics [8]. Variation in the top diameter of the
smallest pulpwood log, which was due to the combined
effects of limits on log length, unmerchantable damaged
or flawed top sections of the stem, etc., was simulated. To
randomise any error in the selection process, different
diameters of pulpwood top (in centimetres) were chosen
randomly for each stem from a uniform distribution of natu-
ral numbers from 5 to 9. When a randomized diameter of
the pulpwood top was chosen for the stem, the distance
from the butt of the tree to this randomly determined point
had to be calculated. However, the data included only
diameters measured at 2-meter intervals (except close to
the butt where the interval was 1 meter). Therefore, the
taper curve between the measured points was assumed to
be linear. Then it was possible to determine between which
measured points the randomly chosen diameter was lo-
cated, and by using the measured points on both sides of
the randomized point, an estimate was obtained for the
length of the utilizable part of the stem (up to the pulp-
wood top). If the distance between the butt and the pulp-
wood top diameter was less than two meters, the tree was
not included in further analyses. For the actual cutting,
such small trees are not felled by harvester. Therefore,
they can’t be measured by this system. The data for analy-
sis therefore decreased from 2022 trees to 1903 trees, which
included 653 pine, 805 spruce, and 445 birch.
The dry mass of the unmerchantable tops of the stems
was calculated based on the volumes of revolution ob-
tained by integrating the stem taper curve from the pulp-
wood top to the treetop. The proportions of the volume
and dry mass for bark and wood for the different species
used in the study are shown in Table 3. The importance of
the mass of the unmerchantable top decreases consider-
ably as the size of the tree increases (Figure 1). In trees
that have breast-height diameter of more than 20 - 25 cm,
the proportion of the total dry mass of the logging residues
made up by the unmerchantable top remained fairly con-
stant.
The linear ordinal least-squares regression method was
used to construct the functions with the computer software
SPSS for Windows version 9.0. Models for calculating the
dry mass of the unmerchantable top and the branch dry
mass for individual trees were formulated by transforming
the value for dry mass into its natural logarithm. The
transformation was used as a dependent variable. Stem-
length models and needle-percentage models were
formulated without transformations.
The principles for making measurements with the meas-
uring system of a harvester restrict the applicability of
independent variables in these models. Measurements of
the stem diameter at 1 metre and 2 metres from the butt and
the stem taper between the 1-metre and 2-metre points
were selected as basic measurements of independent vari-
ables. This was because on most trees these characteris-
tics could be measured using the measuring equipment in
a harvesting head. Diameter measurements farther from
the butt might also give valuable information; but if only
one pulp bolt less than 3 metres long is extracted from a
tree, no other (upper) diameters would be measured. The
Table 2. Breast-height diameters, branch masses and needle percentages for sample trees (mean ± standard deviation).
The percentage of foliage for birches was not measured.
d1.3 (mm) Branch mass (kg) Needle percentage (%)
of the branch mass
Scots pine 213 ± 68.2 32.9 ± 23.7 25.2 ± 6.9
Norway spruce 179 ± 72.4 49.4 ± 47.7 36.1 ± 7.2
Birch 173 ± 65.7 25.0 ± 22.6 not analysed
Table 3. Proportions of the total volume and the basic oven-dry densities for bark and wood used for different tree
species. Values drawn from [3, 4, 10].
Scots pine Norway spruce Birch
Percentage of bark 13.8 16.9 17.0
Percentage of wood 86.2 83.1 83.0
Basic density bark, kg m-3 300 365 540
Basic density wood, kg m-3 380 380 480
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diameters at 1 and 2 metres are highly correlatated with
each other, so only the diameter variable that produced
the greater coefficient of determination was included in
the model. Length of the stem was also included in the
branch-mass models, although it has to be calculated first
with a separate model. The diameter at the smaller end of
the smallest merchantable piece of wood (dpulpwood) and its
corresponding distance from the butt (hpulpwood) provide
information about the top of a tree. For models of stem
length and top mass, stem taper from the point one meter
below the smaller end of the smallest merchantable piece
of wood to the smaller end was considered to be the inde-
pendent variable. In some versions of the models, the
distance from the butt to the lowest point of the living
crown (h
crown
) and the diameter at this point on the living
crown (d
crown
) were added as independent variables. In
studies where plant form has been analysed quantitatively,
a strong relationship has been found between the diam-
eter at a certain height and mass of the living branches
[16].
When the functions were constructed, the significance
level of 0.05 was used as a basic criterion for including
variables into functions. All available independent
variables were first included in the models; then one by
one the least significant variables were removed until the
criterion was fulfilled. In some cases a slightly higher level
of significance was accepted, but in every case the
significance of each variable was less than 0.07. Branch-
mass functions for two different levels of accuracy were
formulated for each tree species. On the first tier,
information obtainable only from the stem curve was used.
On the second tier, variables describing characteristics of
the lower end of the crown were added. Residual plots of
all functions were checked for non-linearity. Where
necessary, appropriate natural logarithmic transformations
were applied to independent variables.
RESULTS
Mass of the Unmerchantable Top
Models for the unmerchantable top give a value for the
dry mass of the treetop, i.e. the stem section above the
pulpwood bolt with the smallest diameter (Equations 1 to
3). The branches connected to this part of the stem are not
included in this treetop dry mass; they are part of the
branch dry mass. The functions are presented in a form
that gives the actual value of the mass, eventhough they
were constructed in logarithmic form.
Dry Branch Mass
Models for estimation of the total dry mass of the branch
biomass of an individual tree, including branch wood, bark,
and needles; were based on two different tiers of inde-
pendent variables (Equations 4 to 9). Increasing the number
of independent variables would improve the accuracy of
the model, but would also require more computational time
in the harvester’s computer. Measuring variables other
than those obtainable from the taper curve, such as dis-
tance from the butt to the lowest point of the living crown,
also increases the work load of a harvester operator be-
cause these points have to be determined when the timber
is being bucked. Roman numerals in parenthesis indicate
the tier of the model. The first-tier models include only
variables associated with the stem. For the second-tier
models, information concerning the lowest point of the
living crown is also included.
Length of the Stem
To calculate the length of the stem of a harvested tree
for branch-biomass and needle-mass proportion models,
models for the stem length are needed if there is no other
Figure 1. For final harvests, the proportion of the total dry mass of logging residues from an individual tree accounted
for by the unmerchantable top is presented as a function of the smallest pulpwood top diameter (50 mm, 70 mm,
or 90 mm) and breast-height diameter (d1.3).
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model for calculating the tree length in the harvester’s
system of data management. The models give the length
of the tree stem measured from the butt (Equations 10 to
12).
Proportion of Needle Mass
Models of proportion of needle mass were calculated
for both coniferous species. These equations can be used
to estimate the proportion of the total dry biomass of the
branches made up by the foliage (Equations 13 to16). Loss
of needles during drying of logging residues diminishes
the yield of usable fuel, but it also has some advantages in
that it improves the quality of the fuel by lowering the
moisture and chlorine contents.
Two different tiers of independent variables were used
to construct the models for needle percentage. Roman
numerals in parenthesis indicate the tier of the model. The
first tier included variables that were directly measured
from the stem or were calculated with the help of the stem-
length model. For the second-tier models, crown ratio was
added as an independent variable. The use of crown ratio
as an independent variable required an additional compu-
tation phase. The crown ratio was calculated using the
calculated value for the length of the harvested tree stem
and the observed value for distance from the butt to the
lowermost portion of the living crown.
Models for the unmerchantable top
Pine
mtop = exp{-9.293 - 0.876 ln(d2) + 0.003492 hpulpwood  + 3.047 ln(dpulpwood)
+ 1.220 (dpulpwood /dpulpwood –1)} R2=0.91 (1)
Spruce
mtop = exp{-11.161 - 0.610 ln(d1) + 0.002527 hpulpwood  + 3.298 ln(dpulpwood)
+ 0.888 (dpulpwood /dpulpwood –1)} R2=0.94 (2)
Birch
mtop = exp{-8.025 - 1.066 ln(d2) + 0.00470 hpulpwood + 3.172 ln(dpulpwood)
+ 0.636 (dpulpwood /dpulpwood –1)} R2=0.88 (3)
Models for the Branch Biomass
Pine
mbranches (I) = exp{-11.166 + 2.915 ln(d2) – 0.006380 h} R2=0.86 (4)
mbranches (II) = exp{-8.356 + 1.919 ln(d2) + 0.00205 hcrown
+ 0.724 ln(d
crown
) - 0.001964 h} R2=0.93 (5)
Spruce
mbranches (I) = exp{-8.195 + 2.349 ln(d2) – 0.0001767 h} R2=0.91 (6)
mbranches (II) = exp{-3.415 + 0.378 ln(d1) + 1.753 ln(dcrown) - 0.0009532 h} R2=0.94 (7)
Birch
mbranches (I) = exp{-10.629 + 2.913 ln(d2) – 0.002480 h – 1.166 (d2/d1)} R2=0.91 (8)
mbranches (II) = exp{-7.085+ 1.560 ln(d2) + 1.067 ln(dcrown) – 0.947 (d2/d1)} R2=0.93 (9)
Models for Stem Length
Pine
h = 93.780 – 24.579 ln(d2) + 1.093 hpulpwood
+ 25.374  (dpulpwood/dpulpwood –1) + 0.507 dpulpwood R2=0.98 (10)
Spruce
h = 69.244 - 20.755 ln(d1) + 0.686  dpulpwood  + 1.086  hpulpwood
+ 21.651 (dpulpwood /dpulpwood  –1) R2=0.99 (11)
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Reliability and Capability of the Models
All of the bias percentages in the following tables were
calculated by subtracting the calculated values from the
measured values, then dividing the remainders by the
measured values and finally, calculating the mean value.
A positive error or bias therefore refers to a predicted
value smaller than the real value. Standard error percent-
ages are the standard deviations of the errors as percent-
ages (Table 4). The small biases that occurred in the mod-
els were caused by transformations when the result of a
logarithmic function was transformed back to the original
units (i.e. kilograms).
Table 4. Bias and relative standard error for estimations
of the dry mass of logging residues for indi-
vidual trees when calculated with different mod-
els.
Model Bias % Std. error % Ntrees
Pine I 2.9 27.6 653
Pine II 1.6 22.2 653
Spruce I 2.3 25.1 805
Spruce II 1.5 21.5 805
Birch I 1.3 27.4 445
Birch II 0.8 24.3 445
A simple method for estimating the amount of logging
residues within a stand is to base the estimate on the ratio
of the mass (or volume) of logging residues to the volume
of merchantable wood. The accuracy of this method is
compared here with the results obtained using the models
(Table 5). In this case, the average ratio figures were 92.5
kg/m3 for Scots pine, 198.5 kg/m3 for Norway spruce, and
101.8 kg/m3 for birch. The stand-level errors were calcu-
lated by adding up the errors for individual trees from a
stand and dividing this total by the sum of the calculated
total masses for the trees. Thus, “stand level” does not
strictly mean a real “stand” here, but rather a sample of
trees from the same stand.
Table 5. Bias and relative standard error for dry mass of
logging residues based on Tier I and II models
and on the average mass of logging residues/
volume of merchantable wood ratio (RE = ratio-
estimate).
Models Bias % Std. error % N
stands
I -2.9 8.7 41
II -2.6 7.7 41
RE -8.7 28.9 41
Cross-validation was used to test the validity of the
method for estimating logging residues [2]. Thirty stand
samples were drawn from the data. When the samples
were selected, each stand had an equal probability (67%)
of being included in the sample. The stands chosen as
samples were used as data for constructing branch-mass
models based on the same dependent variables as used in
models constructed with the whole data set. The model
constructed from the sample stands was then used to
estimate the branch mass for the trees of those stands not
selected as sample stands. The mass of the unmerchant-
able top stem section was calculated using the same func-
tions that had been constructed using the whole data set.
This model for the unmerchantable top wood was not
cross-validated because the top wood constituted such a
small proportion of the total mass of the logging residue.
Although the measured lengths of the trees were avail-
able from the data, the lengths needed during the cross-
validation, for the branch mass functions and the unmer-
chantable top mass functions were calculated using the
stem-length model. This was done to simulate the situa-
tion in which the data would come only from the har-
vester.
Birch
h = 160.388 - 37.517 ln(d1) + 1.151  hpulpwood
+ 0.832  dpulpwood  + 10.533   (dpulpwood /dpulpwood  –1) R2=0.96  (12)
Models for Proportion of Needle Mass
Pine
Needle-% (I) = 44.921 – 0.09661 d2 R2=0.56 (13)
Needle-% (II) = 37.882 – 0.08850 d2 + 11.085 CR R2=0.58 (14)
Spruce
Needle-% (I) = 42.005 – 0.0817  d2 + 0.0651 h – 14.518 PL R2=0.33 (15)
Needle-% (II) = 24.610 – 0,124 d2 + 0,110 h + 23.305 CR – 14.308 PL R2=0.43 (16)
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A total of 382 stands were used as test data for the
cross-validation functions created with the selected sam-
ple data. The cross-validation procedure was iterated 40
times; therefore, every stand in the entire data set was, on
average, included in the test data 9.3 times. The relative
bias for cross-validation was slightly higher than if it had
been calculated with the whole set of data (Table 5).  The
standard error was also slightly higher.  At the stand  level,
for the first tier models (I) the bias was 4.6% and the rela-
tive standard error was 11.2%. For the second tier models
(II) these figures were and 3.2% and 9.4% , respectively.
The error distributions are presented in Figure 2.
DISCUSSION
Although the relative standard error was at least 20%
for individual trees on every tree species studied, on the
stand level the error was closer to 10% (Tables 4 and 5).
With the “ratio estimation method”, the relative error was
almost three times that of the models. It must be noted
that in this case the stand level examination is based only
on trees measured from the same stand, not on entire real
stands. Nevertheless, in this case the number of trees (at
least 38) from each stand gives a basis for estimating of
the variation between stands. The observed bias at the
tree level was not in itself a big problem as long as the
stand level bias was small.
Unfortunately, due to the limited availability of this kind
of data for Finnish forests, the basis for validation was
not the best possible. The widely used correction factor
Figure 2. Cross-validation stand-scale distributions of relative error for model tiers I and II. The total number of stands
used for cross-validation was 382.
for models with logarithmic transformation, 0.5s
e
 [9], which
was added to the models in logarithmic form, was in this
case found to be useless in because it corrected too
strongly the stand level bias. However, the bias could be
corrected later with a percentage calculated during cross-
validation. Another way to correct for bias could be to
add a small constant (in this case about 0.05) to the loga-
rithmic branch-mass functions (Equations 4 to 9) within
parentheses as a correction factor. For production plan-
ning, it is important to determine what percentage  yield of
the measured logging residues would be available as chips
for the end user, probably a power station or heating center.
When an appropriate percentage, which may vary accord-
ing to environmental conditions, is determined, accurate
estimations of the amount of residues in the forest at the
beginning of the wood fuel procurement chain would not
be so important.
Diameter at a height of 1 metre or 2 metres and tree
length seem to be a good basis for estimating of the mass
of the branches. As information about the lower point of
the living crown is added, the figure becomes more accu-
rate but the improvement is not large. In future, if determi-
nation of the end of the crown becomes advantageous for
timber-bucking algorithms, the use of tier II models would
be much more practical. The models for percentage of
needles did not have a high coefficient of determination.
More accurate models need independent variables that at
present can’t be measured with the standard equipment
on a harvester.
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In addition to unmerchantable tops and branches, low
quality cull sections also form a part of the logging
residues, especially in spruce stands [7]. A harvester can
usually measure these cull sections in the same way as it
measures normal commercial wood. Due to problems with
comminution, however, their usefulness as raw material
for fuel may be low. Small-diameter trees that do not meet
the minimum requirements for commercial timber are usu-
ally not cut by a harvester during clearcutting and were
thus not included in the models presented here. Hakkila et
al. [7] estimated the average total volume of undersized
trees on clear-cut stands in Finland to be about 2-3 m3/ha,
which is usually about half the total volume of the unmer-
chantable tops from the same stand.
The amount of logging residues from a tree varies con-
siderably independently of the basic tree variables usu-
ally measured, such as diameter at a height of 1 metre or 2
metres and total height. Variables describing the proper-
ties of the crown of a tree provide more accuracy, but the
error is still quite large. Information about upper diameters
(above 2 metres) would make the functions more accurate,
but then another model would be needed for smaller trees.
Fortunately, the error diminishes markedly at the stand
level, and it is reasonable to estimate the amount of residues
using models based on some variables that can easily be
measured with the measuring equipment on a harvester.
At the stand level, the models provide a fairly good
estimate for planning the procurement of logging residues.
These models also provide a possible way to determine
the amount of logging residues for commercial purposes,
if the usable percentage yield of the residues can be esti-
mated. Higher accuracy than what was possible on the
stand level with the models tested may not be needed,
because at the moment either there is no stumpage value
for logging residues or the value is very low. To determine
the usable proportion of residues, further large-scale re-
search is needed to determine the effects of drying time
and stand variables.
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FOREST ENGINEERING SOLUTIONS FOR ACHIEVING SUSTAINABLE
FOREST RESOURCE MANAGEMENT
AN INTERNATIONAL PERSPECTIVE
Kwa-Zulu Natal, South Africa
The second WOODFOR Africa Conference and Forestry Exhibition will take place in South Africa on July 2-5,
2002. The first event took place in 1999 and included a two-day conference with more than 400 delegates.
Woodfor Africa 2002 will accommodate a broad range of interest groups ranging form education and research,
timber growers, millers, manufacturers of wood products, equipment distributors, importers and exporters,
transport and haulage specialists, wood technologists, co-operatives and consultants.
The conference will be held at Hilton College, outside Pietermaritzburg, in the province of Kwa-Zulu Natal. The
conference will run over two days, with the first day being dedicated to keynote speakers on international
forestry topics. The second day will involve concurrent sessions on specific forestry themes, of which one will
be forest engineering.
The overall theme of the conference is: The Future Explored.  The theme for the forest engineering conference
is: Forest Engineering Solutions for Achieving Sustainable Forest Resource Management: An International
Perspective.  IUFRO Research Group 3.10.00, along with the Woodfor Africa organizing committee, and Forest
Engineering Southern Africa (FESA), are organizing the forest engineering conference on --
· Supply Chain Management: Including harvesting and product quality, cost reductions and value adding,
tree processing
· Sustainable Forestry:  Experience and Needs in Education, Worker Training and Safety
· New Technologies for Timber Harvesting Operations and Planning
· Road Maintenance and Timber Transport Strategies
· Implications of Outsourcing (or Contracting) on Cost and Quality of Forest Operations
Further information and guidelines on the call for papers and the conference in general are available at the
following website:
http://www.cof.orst.edu/cof/fe/research/woodfor/
Deadline for Paper or Poster Abstracts is 28 February 2002.
Dr. Loren Kellogg Mr. Michal Brink
Department of Forest Engineering Forestry Solutions
Oregon State University tel: 27 12 3489098
Corvallis, Oregon 97331-5706 fax: 27 21 3489098
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